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In a structural identification effort, the frequencies and mode shape estimates have been compared to a finite element (FE) model of the structure, showing reasonable agreement. Another objective was to obtain measurements of these large-amplitude vibrations at full-scale. Numerous events of large-amplitude vibration were recorded before the installation of a vibration mitigation system. As a preliminary analysis of the collected data, statistics were routinely computed for each channel in every record and stored in a relational database to allow for easy analysis of correlations between the various statistical quantities using queries. Observations of the vibration characteristics and their correlation with wind speed, wind direction, and rainfall have been presented using the statistics in this database. The bulk of the large-amplitude responses occur for wind speeds between 16 and 45 km/h; the precise limits vary from stay to stay.
Aktan et. al. [2] implemented a health-monitoring scheme to Commodore Barry Bridge ( fig 3 and 4) . They reviewed the design and shop drawings for the bridge, inspection reports and relevant reports and documentation for the bridge to identify the state of the structure including its performance and maintenance history. A site visit was also performed to visually examine and verify the condition and locations of any special or complex member and connection details, retrofits to the structure, boundary conditions, and to establish access requirements for any instrumentation work. A three-dimensional FE model of the bridge was, then, constructed to assist with identifying the critical regions and behavior mechanisms of the bridge's structural systems and to estimate the limits of the forces, strains, tilts, displacements and accelerations that may be necessary to measure. The theoretical model was calibrated through system-identification procedures to permit reliable simulations based on the data from a health monitoring implementation. The data needed for system identification of the bridge and subsequent calibration of the FE model were obtained from controlled experiments conducted on the bridge. These experiments included ambient vibration monitoring of the through truss spans and a controlled load test using heavy cranes. The obvious and less understood phenomena that would be monitored for a successful and long-term health monitoring implementation were determined. It is important to recognize the possible impacts of humidity, wind, temperature, radiation, long-term movements, tilts, slips and settlements on the intrinsic strains and forces. Non-linearity and boundary and continuity conditions and energy-dissipation mechanisms were recognized in the design of the health monitoring system. The sensing-and-data acquisition systems for the measurements were selected based on the phenomena needing measurement. The individual sensor and data acquisition components were selected from a number of proven off-the-shelf sensors, signal conditioning and data acquisition systems based on their physical, electrical and thermodynamic behavior data. It is imperative that these data were verified through calibration studies to permit reliable interpretation of the acquired measurements. The
Commodore Barry Bridge health monitoring system integrated streaming digital video Being connected to a local area network, the Commodore Barry Bridge health monitoring system permits a combination of continuous, event-based and time-based programmable as well as manually controlled on-line data acquisition modes. Video cameras, wind, temperature, radiation and humidity measurement, vibrating-wire based displacement, tilt and strain measurement and the high-bandwidth strain, displacement and acceleration sensors for high-speed responses are interrogated by a dedicated data acquisition system. Wireless operation is a simple step from the copper-optical fiber network communication mode. The system is designed to operate in a programmed mode in which the inputs due to weather and traffic, and the entire set of vibrating-wire sensors are continuously interrogated at low frequency.
The high-frequency sensors operate on timed or event-based triggered modes. For example, the system might be triggered to acquire and archive data from a subset of the complete sensor suite on the bridge during the morning and evening rush hours when traffic levels on the bridge are highest, at midnight when traffic levels are very low, when the wind speed reaches a certain threshold value, or when a heavily-loaded truck is detected by the weigh-in-motion system. The frequency and duration of data and image collection, their processing, evaluation and dismissal, archival, presentation to a manager and/or alarm protocols will be eventually transformed to intelligent agents after researchers more reliably Aktan [2] commented that the data quality assurance, processing and archival represent the major information technology related challenge in regards to health monitoring of a major bridge, as, there are many possible sources of error and uncertainty that can affect the reliability of sensing and data acquisition in the field. Therefore, the authors suggested carrying out controlled tests as a means of calibrating both the analytical models. They assured the importance of integrating heuristic knowledge for interpreting and assuring the quality of data, redundancy requirements in the application of sensors, integration of different The intrinsic value of health monitoring applications especially for operational and emergency management in conjunction with engineering purposes is realized only by the visual display of critical images and data on-line in real-time. A challenge is in the integration and graphical display design of critical data streams so that users and owners may conceptualize phenomena reflected in the measurements in order to make timely decisions.
In many cases, on-line data may have to be compared against recent data. Quick on-line access to recent data and analysis engines are needed to take full advantage of real time data.
Integrated information management systems providing on-line data acquisition control and data display, data quality assessment, visualization, analysis and archival capabilities are a required element of health monitoring as discussed further in the following. Health monitoring design should involve the owners and engineers in charge of the operations, maintenance and management of the bridge for maximum benefit. User communication,
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2-APPLICATIONS IN CANADA
Mufti [3] summarized the applications of structural health monitoring of Canadian bridge engineering, including fiber-reinforced polymers sensors, remote monitoring, intelligent processing, practical applications in bridge engineering, and technology utilization.
Further study and applications are still being conducted now. Mufti noted that remote monitoring techniques have been developed using lasers, fiber optic sensors, and remote data collection and processing. Research has resulted in a software package for monitoring structures, which is currently available to all Intelligent Sensing and Innovative Structures four-channel Bragg grating fiber laser sensor system was used at different locations along the bridge girders that were pretensioned by the carbon FRP. Each fiber laser was attached to the surface of the tendon to serve as a sensor. The sensors were connected, through a modular system, to a laptop computer used at the construction site to record the measurements at different stages of construction and after completion of the bridge. The optic sensor system measures the absolute strain rather than a strain relative to an initial calibration value similar to the electric resistance strain gauges and mechanical gauges. In 1999, the bridge was tested statically and dynamically to assess the durability of fiber optic sensors. After six years, all Bridge is a relatively high-profile bridge that has been classified as Disaster-Route Bridge.
However, it was built prior to current seismic design codes and construction practices, and would not resist potential earthquake forces as required by today's standards.
Some consideration has been given to seismic aspects as evidenced in the original drawings, although it requires retrofitting to prevent collapse during a seismic event. The service life of the bridge can be increased to 475 years. Most of the bridge is being strengthened by conventional materials and methods. The dynamic analysis of the bridge predicts that the two tall columns of one pier will form plastic hinges under an earthquake.
Once these hinges form, additional shear will be attracted by the short columns of Pier.
Therefore, it was decided that FRP wraps should be used to strengthen the short columns for shear without increasing the moment capacity. The bridge is instrumented with 16 foil gauges, eight fiber optic sensors and two accelerometers (refer to fig 8) . The bridge is being remotely monitored and data is being collected. 
3-APPLICATIONS IN MEXICO
Muria-Vila, et al. [4 ] initiated a monitoring program to study the dynamic properties of Tampico Bridge. The bridge is a cable-stayed one with a total length of 1543 meters and a main span of 360 meter length. Twenty-one servo accelerometers were installed and ambient and pull-back tests were conducted. The resulting frequencies were in good agreement but the damping values were still poorly estimated.
4-APPLICATIONS IN SOUTH AMERICAN
Caicedo et al. [5] reported on the development and implementation of a health monitoring system for the Hormiguero bridge in Colombia, South America (see fig 9) . The bridge has obvious signs of deterioration from heavy traffic usage. Additionally, the bridge is in a seismically active region, and the bridge has periodically experienced earthquakes. The bridge was instrumented with accelerometers, and the responses were measured and recorded at the Colombian Southwest Earthquake Observatory. Traffic loads are used to excite the bridge, and the responses are measured. This traffic-induced vibration data was used to determine the natural frequencies and associated motions. A series of twelve tests were conducted on the Hormiguero Bridge. In each test 120 seconds of response data was recorded and two channels of data were obtained.
This time length allowed for between one and eight trucks to pass over the bridge in the various tests. In these tests, several mode shapes were identified including, transverse, vertical, torsional modes, as well as modes that appear to be combinations of these motions.
5-APPLICATIONS IN ASIA
Abe, et al. Conversion of bearings from nominal simple supports to nominal full fixity was shown via model updating to be the principal cause of natural frequency increases of up to 50%. The authors concluded that the utility of the combined experimental and analytical process in direct identification of structural properties has been proven, and the procedure can be applied to other structures and their capacity assessments. noticed that by using fiber optic sensors, readings can be obtained in a few minutes for the whole array, and the effect of temperature variation is clearly recognizable and can be easily filtered out for separate analysis by means of signal processing techniques.
6-APPLICATIONS IN EUROPE
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Habel et al. [9] reported on a long monitoring of two bridges in Berlin, Germany. The two bridges had to be monitored right from the beginning of construction until commissioning as well as later on for several years, because vertical displacements were expected as a consequence of the construction activities in immediate vicinity and difficult soil conditions. A laser-based system has been upgraded with respect to long-term monitoring and installed in the bridges. The system is tolerant against extraneous light, protected against dust, insensitive to vibration and effects of the environment, e. g. parts of the bridge. The purpose is to maintain an overview of the general condition of the whole bridge stock, and to reveal significant damage in due time, so that rehabilitation works can be carried out in the optimum way and at the optimum time, taking safety and economic aspects into consideration. Damage which does not require remedial action is not noted in the inspection report, and in any case, the damage is briefly described.
A special inspection will always be carried out before major repair works, including a detailed damage description. Normally, special inspections are initiated at the principal inspection, when the principal inspector is not certain about the cause, the type and extent of damage or the proper rehabilitation method. Special inspections are always carried out by engineers with experience in deterioration mechanisms, bearing capacity, advanced inspection methods and considerable knowledge in the field of rehabilitation design. The special inspection comprises both destructive and nondestructive tests carried out in-situ, as well as laboratory tests on collected samples. Based on the results of these tests, the state of damage is assessed as well as its probable future development, and various rehabilitation strategies are evaluated.
Mangerig et al. [11] measured the vibrational response of a steel glass pedestrian bridge to demonstrate the potential of identifying structural changes from measured ambient data. The mentioned bridge is located in the German Museum in Munich. They noted that the monitoring of structural behavior contained a variety of uncertainties, like technical measurement errors or natural influences. Measurement data over a long period of time allowed a statistical based analysis. In such an analysis, frequency diagram could be drawn, containing e.g. the mean value, the standard deviation and the variance. A modification is identified by recognizing changes or changing trends in the statistic parameters calculated on the base of continuously analyzed and updated measuring results to complete the first phase of damage identification. The second phase is to identify the structural change as damage scenario and to locate it. The authors used numerical models for objective.
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7-BRIDGE INSPECTION AND EVALUATION: A LOOK AHEAD
In the future, bridge health monitoring will focus on the quantitative assessments of bridge performance and conditions rather than visual inspections and condition ratings [12 Because new inspection technologies will detect and measure deterioration in bridges,
inspectors will have extensive quantitative data about the condition and performance of structures. Armed with this information, bridge engineers will be able to make better ].
A variety of permanent sensors on bridges will collect data at many points. These sensors will be powered by and will report to wireless networks. Data will be analyzed and deterioration will be detected automatically by computer workstations in central locations.
When problems arise, engineers will be able to accurately analyze the structural condition and formulate timely corrective strategies. Knowledgeable, experienced engineers are the key to an accurate evaluation of the structural condition. Technology will greatly enhance their ability to make these assessments. Sensors offer definite, unbiased, and quantitative data. These data enable engineers to use high-performance concrete and steel materials along 
8-FUTURE TRENDS
Elgamal et al. are conducting a long-term research program aiming at establishing a health monitoring framework for bridges suitable to the twenty one century [13 The authors have the following thoughts about the framework: (1) it must be scalable for simultaneous monitoring of a large group of bridges and very large number of sensors (in the thousands per bridge), (2) it should be able to extend to networks of civil infrastructure systems other than bridges, and (3) it must support two types of infrastructure deterioration:
(i) progressive deterioration in time due to environmental effects, and (ii) sudden deterioration due to natural hazards such as earthquakes and hurricanes, man-made disasters and acts of terrorism. In the case of sudden and severe load events, the targeted framework must be able to support rapid and reliable condition assessment of critical civil structures.
]. The modeling, structural reliability and risk analysis, and (7) computational decision theory.
In order to satisfy these requirements, their research is making use of recent advances in (1) high-performance databases, knowledge-based integration, and advanced query processing, (2) instrumentation and wireless networking, (3) computer vision and related feature extraction algorithms, and (4) data mining, model-free and model-based advanced data analysis, and visualization. An integrated system based on the knowledge discovery hierarchy represented in fig 11 is being built to achieve the above-mentioned objectives. This system integrates all tasks from sensor configuration, data acquisition and control, to decision-making and resources allocation. In the following is a brief preview of the efforts and challenges.
8-1DATABASE RESEARCH
The complexity of data sources (including real-time sensor and video streams, and the output of physics-based and statistical models), and the need to perform advanced real-time and off-line analyses (often requiring the integration of real-time sensor data with simulation model output) necessitates a scaleable high-performance computational infrastructure. New technologies are being employed in the development of a high-performance data management, analysis and interpretation system for civil infrastructure monitoring. This system will integrate sensors, databases, modeling, analysis, visualization and simulation tools, and provide access to various application interfaces (e.g., reliability and risk assessment, event response) through a secure portal.
8-2SENSOR NETWORK
A significantly new research challenge is the need to integrate multiple sensor outputs to develop local and global health state indicator variables that need to be queried and monitored by the system. The indicators may be defined as user-specified aggregates over 20 instantaneous values of several data streams, over pre-computed aggregates covering one or more sensors. The sensor network consists of a dense network of heterogeneous sensors. In addition, the network must be easy to deploy, scalable-allowing for progressive deployment over time, and must allow for local processing and filtering of data, remote data collection, accessibility and control. Using a wireless communication technology will accelerate the extensive deployment of sensor technology.
8-3COMPUTER VISION
Visualization is often the first step in data exploration. Visualizations of sensor measurements, features extracted from measurements and simulation results provide visual interpretations of infrastructure status and behavior. It is anticipated that computer vision will become a primary and routine sensing technique within any health-monitoring framework. As a novel aspect of current research, a load database extracted from video data is being created. For video data, the database will record the types and positions of load objects at specific time instants (e.g., cars and trucks crossing a bridge). It will be converted to a load, which will return for each array element of the structure an estimated load at the time instant. In this context, many cameras and potentially different types of video sensors are involved.
8-4DAMAGE DETECTION AND DATA ANALYSIS
This research includes tasks aimed at evaluating, calibrating and applying several promising approaches for detecting small structural changes or anomalies and quantifying their effects all the way up to the decision making process. These approaches include the following: (1) damage detection on the basis of influence coefficients using a time-domain identification procedure to detect structural changes, (2) damage detection using neural networks, and (3) structural health monitoring using statistical pattern recognition.
The research is expected to lead to a flexible integrated framework for condition assessment and damage detection under normal operating conditions. In addition, it will also be beneficial in providing rapid response (in virtually real time) due to sudden dynamic loads or terrorist acts. For bridges, such a computer-based framework is thought to be a necessity. 
